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STUDIES OF THE EFFECTS OF ACCELERATION ON CARDIOVASCULAR AND RESPIRATORY DYNAMICS 
This  r e p o r t  w i l l  summarize the  progress  made i n  i n v e s t i g a t i v e  p r o j e c t s  
supported by t h i s  g ran t  during the  per iod ,  A p r i l  1, 1966 t o  Octoberl ,  1966, 
and o u t l i n e  plans f o r  i n v e s t i g a t i v e  a c t i v i t i e s  planned f o r  the  second twelve- 
I months of t h e  three-year period spec i f i ed  i n  the  o r i g i n a l  g ran t  reques t ,  
I. S p e c i f i c  P r o j e c t s  
1. Regional pulmonary a r te r ia l -venous  shunting dur ing  exposure t o  t r ansve r se  
acce le ra t ion .  
A major phase of t h i s  p r o j e c t  has been completed and a f i n a l  r e p o r t  of 
the  r e s u l t s  has been prepared, By continuous recording of t h e  oxygen s a t u r a t i o n  
of r e g i o n a l  pulmonary venous blood sampled v i a  cuve t t e  oximeters through cathe- 
t e r s  introduced by t r a n s s e p t a l  punctures,  i t  has  been demonstrated t h a t  t he  
decrease  i n  a r t e r i a l  oxygen s a t u r a t i o n  during exposure t o  a c c e l e r a t i o n  is  caused 
by a pulmonary a r te r ia l -venous  shunt through dependent regions of t he  lungs.  In  
o rde r  t o  study t h i s  phenomenon more thoroughly when brea th ing  99.6% oxygen, ad- 
d i t i o n a l  experiments a r e  t o  be ca r r i ed  out dur ing  longer  du ra t ion  (3 t o  5-minute) 
exposures t o  acce le ra t ion .  One-minute exposures were used i n  t h e  p r i o r  experi-  
ments. 
The use of longer  du ra t ion  exposures r e q u i r e s  development of t echn ic s  f o r  
cont inuous sampling and concomitant r e in fus ion  of t h e  sampled blood from t h r e e  
vascu la r  s i t e s  s imultaneously f o r  per iods  of f i v e  or more minutes. The t h r e e  
s i tes  a r e  the  pulmonary a r t e r y  (mixed venous blood) ,  the  femoral  a r t e r y  (mixed 
a r t e r i a l  blood) ,  and a v e n t r a l  or d o r s a l  pulmonary ve in  ( r eg iona l  pulmonary 
venous blood).  Use of s p e c i a l  r o l l e r  type pumps f o r  t h i s  purpose i s  being 
explored .  
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I' * -  2. P l e u r a l  and p e r i c a r d i a l  p ressure  measurements du r ing  Gx a c c e l e r a t i o n  i n  primates.  
S tud ie s  have been c a r r i e d  out i n  f o u r  chimpanzees, I t  is  a n t i c i p a t e d  t h a t  
a d d i t i o n a l  s t u d i e s  on f o u r  a d d i t i o n a l  chimpanzees w i l l  provide t h e  d a t a  t o  
complete the  f i r s t  phase of t h i s  study. 
Continuous record ings  a r e  made of airway (endot rachea l  t u b e ) ,  a o r t i c ,  
pulmonary a r t e r y ,  r i g h t  a t r i a l ,  d o r s a l ,  and v e n t r a l  r i g h t  p l e u r a l  and l e f t  
p l e u r a l ,  and esophageal p re s su res ,  a long wi th  c e n t r i f u g e  RPM, and angle  of 
t ilt  of t h e  cockpi t  during s e v e r a l  series of exposures t o  2, 4, and 6Gxwhen 
i n  the prone and supine p o s i t i o n s  supported by i n d i v i d u a l l y  molded half-body 
c a s t s ,  I n  some exposures,  t he  oxygen s a t u r a t i o n s  of femoral  a r t e r y  (mixed 
a r t e r i a l )  and pulmonary a r t e r y  (mixed venous) blood were recorded cont inuously 
and i n  o t h e r s  ca rd iac  output  determined by t h e  dye-d i lu t ion  technic .  
Completion of t h e s e  observat ions r equ i r e s  t h a t  t h e  chimpanzee be maintained 
under anes thes i a  f o r  a per iod of about f i f t e e n  hours.  A l l  of  t he  animals s tud ied  
have survived the  procedure. However, one animal was s a c r i f i c e d  about one month 
a f t e r  t h e  procedure due t o  thrombo-ar te r i t i c  complicat ions r e s u l t i n g  from femoral  
a r t e r y  c a t h e t e r i z a t i o n .  
3. DeveloDment of on-l ine t ime-sharing e l e c t r o n i c  d a t a  Drocessine: and comDuter 
- a n a l y s i s  technics .  
A Cont ro l  Data 3200 computer coupled wi th  an  Adcomp read-wri ter  i n t e r f a c e  
was i n s t a l l e d  i n  January 1966 a t  a s i t e  i n  t h e  Medical Sciences Building i n  
c l o s e  proximity t o  t h e  human cent r i fuge .  Th i s  assembly's f a s t  cyc le  time 
( 1 , 2 5 p s e c )  and multiplexed read-write i n t e r f a c e ,  permi t t ing  random access  
sampling a t  r a t e s  up t o  10,000 samples per second, have improved t ime-sharing 
of t h e  f a c i l i t y  and a l s o  extended t h e  range of  on-line d a t a  ana lys i s .  
Programs have been developed f o r  a n a l y s i s  of pressure  d a t a ,  a c c e l e r a t i v e  
f o r c e ,  phases of r e s p i r a t i o n ,  cuvet te  oximetry,  and ind ica to r -d i lu t ion  curves 
i n p u t  t o  the computer i n  analog form dur ing  cen t r i fuge  runs,  These programs 
a r e  s t o r e d  on d i s c  f i l e s  and c a l l e d  i n t o  use  by i n t e r r u p t  of t h e  computer from 
a "remote" s t a t i o n  i n  the  cen t r i fuge  c o n t r o l  and monitor ing a r e a ,  Af t e r  i n i t i a l  
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e l imina t ion  of high frequency v i b r a t i o n a l  a r t i f a c t s  by smoothing through 8 t h  
order  Butterworth f i l t e r s  s e t  up on a Ph i lb r i ck  analog computer, the  pressure  
d a t a  i s  d i g i t a l l y  cor rec ted  f o r  base l ine  s h i f t  caused by a c c e l e r a t i v e  f o r c e s  
on the  manometer assemblies,  P leura l  p ressures  a r e  au tomat ica l ly  r e fe r r ed  t o  
the  s i t e  of t h e  r e spec t ive  ca the t e r  t i p s  i n  the  thorax. A computer generated 
p l o t  from the Calcomp incremental  p l o t t e r  of cor rec ted  p res su res  from mul t ip l e  
s i t e s  and oxygen s a t u r a t i o n  d a t a  from th ree  double-scale c u v e t t e  oximeters ,  re-  
cording continuously throughout the per iod  of a c c e l e r a t i o n ,  is  a v a i l a b l e  for  
s tudy  immediately a f t e r  each cen t r i fuge  run. These d a t a  now enable  the i n v e s t i -  
g a t o r  t o  modify the experimental  design i n  the  l i g h t  of r e s u l t s  being accumulated 
du r ing  the  course of t he  experiment r a t h e r  than a f t e r  r e t r o s p e c t i v e  d a t a  ana lys i s .  
They may i n d i c a t e  the  need t o  ad jus t  t h e  sampling s i t e s  or  suggest  t he  d e s i r a b i l i t y  
and manner of ob ta in ing  add i t iona l  information t o  support  o r  amplify the  exper i -  
mental procedure. 
Programs and communications have been developed a l s o  t o  allow s i m i l a r  on- 
l i n e  computer a n a l y s i s  of da t a  t ransmi t ted  from two experimental  l a b o r a t o r i e s  
equipped f o r  remote console computer i n t e r r u p t  and program s e l e c t i o n .  Analog 
vascu la r  and p l e u r a l  p ressure  da t a  may be analyzed f o r  mean, maximal, and minimal 
va lues ,  and ca rd iac  output or s t r o k e  volume, h e a r t  r a t e ,  cycle  l eng th ,  du ra t ion  
of s y s t o l i c  e j e c t i o n  and pe r iphe ra l  r e s i s t a n c e  der ived by real- t ime a n a l y s i s  of 
t h e  contour of c e n t r a l  a o r t i c  pressure pulses ,  Ind ica to r -d i lu t ion  curves can 
be analyzed on-line d i r e c t l y  a f t e r  i n s c r i p t i o n  and oxygen s a t u r a t i o n  d a t a  com- 
puted dur ing  withdrawal of samples through double-scale cuvet te  oximeters wi th  
loga r i thmic  response c h a r a c t e r i s t i c s .  D i g i t a l  ou tputs  from t h e  computer through 
t h e  Adcomp wr i t e - in t e r f ace  have been programmed t o  provide t r i g g e r i n g  pulses  t o  
coupled e l e c t r o n i c  ca rd iac  pacemakers so t h a t  t he  r a t e ,  sequence of ,  and in- 
t e r v a l  between a t r i a l  and v e n t r i c u l a r  con t r ac t ion  can be au tomat ica l ly  regula ted  
by the  computer i n  whatever manner t h e  i n v e s t i g a t o r  may d i r e c t  through o c t a l  
s w i t c h  s e t t i n g s  a t  "remote" s t a t i o n  i n t e r r u p t  boxes. These t echn ic s  have been 
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u t i l i z e d  i n  a s tudy  of t h e  optimal a t r i a l - v e n t r i c u l a r  s t imulus  i n t e r v a l  a t  
h e a r t  r a t e s  from 80 t o  200 beats/minute. 
veloped, w i l l  a l low computer ana lys i s  of videodensitometer i n d i c a t o r - d i l u t i o n  
curves der ived  from angiocardiograms recorded on videotape f o l l o w i t g i n j e c t i o n s  
of Renovist  i n t o  s e l e c t e d  s i tes  i n  the  h e a r t  and c i r c u l a t i o n .  These programs 
w i l l  permit immediate assessment b y  videodensi tometer  t e c h n i c s  of c i r c u l a t o r y  
parameters such a s  r eg iona l  pulmonary blood f l o w  during exposure t o  acce le ra t ion .  
Addi t iona l  programs, now being de- 
The i n s t a l l a t i o n  of a high-speed access  d i g i t a l  computer i n  c l o s e  proximity 
t o  t h e  animal experimental  and c e n t r i f u g e  a reas  i n  t h e  Medical Sciences Building 
and t h e  success fu l  development of a s soc ia t ed  hardware and software has  markedly 
augmented the  l abora to ry ' s  da t a  handl ing  capac i ty  and cons iderably  extended 
the  range and complexity of the experiments i t  can undertake.  
4. Modif icat ion and s t rengthening  of t he  cen t r i fuge .  
S t r u c t u r a l  re inforcements  of t he  c e n t r i f u g e  s u p e r s t r u c t u r e  have been 
completed so t h a t  t h e  s p e c i a l  b ip lane  roentgenographic concen t r i c  cockpi t  
assembly can be acce le ra t ed  s a f e l y  to  l e v e l s  of 10G. 
Servo con t ro l  of t h e  cockpit  angle  has  been added. 
Improvement of t h e  c lu tch ing  and braking mechanism has allowed adequate 
a c c e l e r a t i o n  t o  and a t ta inment  of s a t i s f a c t o r y  f lywheel  speeds wi th  t h e  cur- 
r e n t  e l e c t r i c a l  power f a c i l i t y .  
11. Plans for i n v e s t i g a t i v e  p r o j e c t s  t o  be completed or i n i t i a t e d  i n  the  per iod 
October 1966-October 1967. 
Work w i l l  cont inue  on the  p r o j e c t s  descr ibed  here in :  
1. S t u d i e s  of e f f e c t s  of a c c e l e r a t i o n  on reg iona l  pulmonary blood f l o w  
us ing  roentgen videodensitometry and rad io iso tope  embolization t echn ic s  have 
been r e i n s t a t e d  us ing  an improved roentgen v i d e o d e n s i t o m t e r  and i s o t o p i c a l l y  
l abe led  microspheres of va r i ab le  s p e c i f i c  g rav i ty .  
Anesthet ized dogs and chimpanzees w i l l  be s tud ied  on t h e  human c e n t r i f u g e  
whi le  supported i n  the  prone and i n  the  supine pos i t i ons  by means of h a l f -  
body molded p l a s t i c  c a s t s .  
i 
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J Pulmonary a r t e r i a l ,  l e f t  a t r i a l  and systemic a r t e r i a l  p re s su res  w i l l  be 
recorded v i a  percutaneous c a t h e t e r s  and ca rd iac  output  determined whi le  a t  
1 G  and du r ing  cen t r i fuge  r o t a t i o n  by i n j e c t i o n  of indocyanine green dye i n t o  
the  pulmonary a r t e r y  w i t h  continuous dens i tome t r i c  sampling of descending 
a o r t i c  blood v i a  a percutaneous femoral a r t e r y  ca the t e r .  
L a t e r a l  videoangiograms of the h e a r t  and lungs  w i l l  be recorded wi th  
4-6 m l  i n j e c t i o n s  of roentgen con t r a s t  media (69% Renovist)  i n  t h e  r i g h t  
v e n t r i c u l a r  outflow t r a c t  while  the dog is supported i n  t h e  prone pos i t i on  
a t  1 G  and a t  l e v e l s  of acce le ra t ion  of 2 ,  4,  and 6G. 
An i n j e c t i o n  of isotope-labeled albumin aggregate  w i l l  then be made i n t o  
the  r i g h t  v e n t r i c u l a r  outflow t r a c t  dur ing  a r epea t  exposure t o  6 G .  The 
d i s t r i b u t i o n  of t h e  r a d i o a c t i v e  emboli i n  t he  lung w i l l  then be determined 
us ing  a s p e c i a l l y  adapted scanning mechanism which moves a s c i n t i l l a t i o n  probe 
s o  t h a t  i t s  v e r t i c a l  and ho r i zon ta l  p o s i t i o n  i n  t h e  scanning plane i s  continu- 
ous ly  recorded i n  r e l a t i o n  t o  the  d i s i n t e g r a t i o n  counts  ob ta ined  from t h e  sodium 
i o d i d e  c r y s t a l  de t ec to r .  This  produces a mat r ix  of t h e  lung reg ion  from which 
a c t i v i t y  curves  i n  t h e  plane of the r e s u l t a n t  vec to r  of t he  c e n t r i p e t a l  acce le ra-  
t i o n  and t h e  1 G  g r a v i t a t i o n a l  f i e l d  of t h e  e a r t h  can be obtained and s h i f t s  i n  
a c t i v i t y  computed. One o r  more i n j e c t i o n s  of l abe led  albumin aggrega tes  w i l l  
be made i n  the  same animal whi le  supported i n  t h e  same body c a s t  a t  1 G  a t  in -  
t e r v a l s  of one week p r i o r  t o  t h e  cen t r i fuge  exposure. I d e n t i c a l  i n j e c t i o n s  w i l l  
be repea ted  a t  success ive  s imilar  i n t e r v a l s  when t h e  animal is exposed t o  1, 
2,  and 4G, r e s p e c t i v e l y ,  fol lowing t h e  i n i t i a l  c e n t r i f u g e  experiment when t h e  
i n j e c t i o n  of t h e  albumin aggregate was made a t  6G. Mapping of a c t i v i t y  through- 
out t h e  lung f i e l d s  w i l l  be ca r r i ed  out  a f t e r  each of t hese  i n j e c t i o n s  so  t h a t  
comparisons of t h e  d i s t r i b u t i o n  of l abe led  aggrega tes  can be made a t  l e v e l s  of 
a c c e l e r a t i o n  from 1 t o  6G. Since t h e  number of d a t a  p o i n t s  per scan is  very 
l a r g e ,  reasonably complete ana lys i s  of t h e  data a long  wi th  c o r r e l a t i o n  wi th  
o t h e r  v a r i a b l e s  r e q u i r e s  use  of e l e c t r o n i c  da ta -process ing  and computer t echn ic s .  
The p l o t s  ob ta ined  of t he  d i s t r i t u t i o n  of the  l abe led  alhtmin aggrega te  emboli 
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i n  the lungs are presumably d i r e c t l y  p ropor t iona l  t o  the  r eg iona l  pulmonary 
blood f l o w .  
.’ 
The r eg iona l  d i s t r i b u t i o n  of pulmonary blood f low a t  the  same l e v e l s  of 
a c c e l e r a t i o n  w i l l  be determined independently by roentgen v ideodens i tomet r ic  
a n a l y s i s  of t h e  video angiograms recorded under these  condtions.  This  w i l l  
be done by rep lay ing  of the tape  recorded angiograms for recording d i l u t i o n  
curves of t h e  c o n t r a s t  media us ing  t h e  roentgen videodensitometer developed 
i n  t h i s  labora tory .  For t h i s  a p p l i c a t i o n ,  t he  sampling window of the  video- 
dens i tometer  w i l l ,  du r ing  success ive  r ep lays  of t h e  videotape,  be placed over 
a s  many d i f f e r e n t  supe r io r ,  m i d  and dependent reg ions  of the  lungs as des i r ed .  
Regional mapping of c o n t r a s t  media from t h e s e  videodensograms w i l l  be done 
s i m i l a r  t o  t h e  r ad io i so tope  maps and the  r e s u l t s  of t h e  two compared. 
The mean t r a n s i t  time of the  c o n t r a s t  medium from the o r i g i n  of t h e  
pulmonary a r t e r y  t o  the  l e f t  a t r ium w i l l  a l s o  be measured by p lac ing  t h e  
sampling window over t h e  s i l h o u e t t e  of these  s t r u c t u r e s  du r ing  s u c c e s s i v e  
r e p l a y s  of the  same video  angiographic  tape. 
The v a r i a t i o n s  i n  d i s t r i b u t i o n  of pulmonary blood f low determined by 
t h e s e  independent t echn ic s  w i l l  be c o r r e l a t e d  wi th  the  s imultaneously re- 
corded pulmonary a r t e r y  and l e f t  a t r i a l  p re s su res  co r rec t ed  on the  basis of 
b i p l a n e  roentgenograms t o  t h e  same v e r t i c a l  he igh t s  (i .e. ,  h y d r o s t a t i c  l e v e l s )  
as  t h e  s e l e c t e d  s i t e s  i n  the  super ior ,  mid and dependent lungs s i t e s  a t  which 
pulmonary f low d i s t r i b u t i o n  was determined. 
l e v e l s  recorded a t  t h e  same v e r t i c a l  l e v e l s  while  a t  t he  same r e s u l t a n t  ac- 
c e l e r a t i o n  (-Gx) vec to r  w i l l  be made a s  w e l l  a s  c o r r e l a t i o n s  wi th  t h e  degree 
of pulmonary a r te r ia l -venous  shunt ing est imated from continuous oximetr ic  de- 
t e rmina t ions  of t h e  oxygen s a t u r a t i o n s  of a r t e r i a l  and mixed venous blood under 
t h e  same condi t ions .  
Cor re l a t ions  wi th  p l e u r a l  p re s su re  
Comparison of blood f l o w  d i s t r i b u t i o n  r e s u l t s  by roentgen videodensitometry 
and by non-embolic and embolic i so tope  t echn ics  i s  a l s o  envisaged by us ing  
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radio-opaque microspheres on the  one hand and r ad io i so tope  l abe led  spheres  
of t h e  same s e l e c t e d  diameters  on t h e  o ther .  In  the non-embolization com- 
p a r a t i v e  s t u d i e s ,  i n  which the  tiLood st ream is "labeled'* by i n j e c t i o n  of con- 
ven t iona l  roentgen c o n t r a s t  rnedia as  compared t o  l a b e l i n g  w i t h  radio-opaque 
o r  r a d i o a c t i v e  microspheres,  t h e  d iameters  of t h e  spheres  w i l l  be s e l e c t e d  
s o  as t o  t r a v e r s e  t h e  pulmonary c a p i l l a r i e s .  For the  embolization s t u d i e s ,  
t he  diameter of the  microspheres w i l l  be s e l e c t e d  so  as  t o  be l a r g e  enough t o  
prevent t r a v e r s a l  of t h e  pulmonary c a p i l l a r y  bed. The r e s u l t s  us ing  s t a t i c  
r a d i o i s o t o p i c  d e t e c t i o n  subsequent t o  i n j e c t i o n s  w i l l  then be compared wi th  
t h e  va lues  obtained by dynamic v ideodens i tomet r ic  d e t e c t i o n ,  dur ing  i n j e c t i o n ,  
of t h e  d i s t r i b u t i o n  and the  hold up of t h e  embolizing microspheres i n  t h e  lungs. 
*I  
The c a p a b i l i t y  of making s t u d i e s  dur ing  exposure t o  an increased  f o r c e  
environment on the  human cen t r i fuge  a l s o  i n v i t e s  study of t h e  effect  of va r i -  
a t i o n  of t h e  s p e c i f i c  g r a v i t y  of  t he  microspheres on t h e i r  d i s t r i b u t i o n ,  s i n c e  
such e f f e c t s  w i l l  be mul t ip l i ed  i n  d i r e c t  p ropor t ion  t o  the  G l e v e l  of t h e  
environment. 
The poss ib l e  effects  of g r a v i t a t i o n a l  f o r c e s  on t h e  d i s t r i b u t i o n  of pul- 
monary blood f low and a s soc ia t ed  e f f e c t s  on pulmonary mechanics and r eg iona l  
v e n t i l a t i o n  have been a sub jec t  of g r e a t  i n t e r e s t  t o  pulmonary phys io log i s t s  
and have been recognized t o  be of some c l i n i c a l  importance f o r  a number of 
y e a r s  . 
Development of phys io logic  methods f o r  determining r eg iona l  d i f f e r e n c e s  
i n  pulmonary blood f low i n  i n t a c t  man o r  animals w i l l  make poss ib l e  f u r t h e r  
e l u c i d a t i o n  of t hese  e f f e c t s .  I t  is cu r ren t ly  gradual ly  being recognized 
t h a t  p l e u r a l  p re s su re  v a r i e s  wi th  the v e r t i c a l  he igh t  i n  t h e  thorax ,  and l a r g e  
r e g i o n a l  d i f f e rences  i n  p l e u r a l  p ressure  ( g r e a t e r  n e g a t i v i t y  supe r io r ly  and 
i n c r e a s e s  t o  p o s i t i v e  va lues  i n  dependent reg ions  of the lungs)  occur dur ing  
t h e  i n c r e a s e  i n  weight of t h e  tho rac i c  con ten t s  produced by acce le ra t ion .  
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These p l e u r a l  p ressure  d i f f e rences  a t  l e v e l s  of a c c e l e r a t i o n  of g r e a t e r  than 
4 G  a r e  assoc ia ted  wi th  s i g n i f i c a n t  a r t e r i a l  hypoxemia apparent ly  due t o  
severe  d i s tu rbances  i n  vent i la t ion-per fus ion  r a t i o s  w i t h  pulmonary a r te r ia l -  
I venous shunt ing through the dependent, a t e l e c t a t i c  a r e a s  of the lung. The 
concomitant high a lveolar - to-p leura l  p ressure  g r a d i e n t s  i n  the  most supe r io r  
s i t e s  i n  the  lungs  apparent ly  a re  respons ib le  f o r  t h e  in s t ances  of phys ica l  
damage t o  lung parenchyma which have been observed du r ing  exposure t o  h igh  
l e v e l s  of acce le ra t ion .  These e f f e c t s  a r e  of p r a c t i c a l  importance i n  r e l a t i o n  
t o  the  launch and re-entry phases of manned space f l i g h t s .  Furthermore, the  
exaggera t ion ,  which can be produced a t  w i l l  on a c e n t r i f u g e ,  of t h e  normal 
g r a v i t a t i o n a l  e f f e c t s  a s soc ia t ed  with t h e  1 G  environment o f f e r s  a va luable  
means of magnifying these  r e l a t i v e l y  smal l  but p r a c t i c a l l y  important e f f e c t s  
so t h a t  they can be r e a d i l y  de t ec t ed  and s tudied .  
2. Development of a t echn ic  f o r  dynamic measurements (60/second) of 
v e n t r i c u l a r  volume and shape using b ip lane  roentgen videometry is underway. 
It i s  a n t i c i p a t e d  t h a t  t hese  technics  may be used t o  v a l i d a t e  and c a l i b r a t e  
t h e  l e s s  d i r e c t  methods t o  ob ta in  such data which may be app l i cab le  f o r  ob- 
s e r v a t i o n s  dur ing  space f l i g h t .  
In  b r i e f ,  the  measurements of v e n t r i c u l a r  volume w i l l  be made as fo l lows:  
The video s i g n a l s  from the  rep lay  of t h e  videotape w i l l  be f e d  i n t o  s p e c i a l  
e l e c t r o n i c  c i r c u i t r y  which w i l l  recognize t h e  i n s t a n t s  t h a t  each h o r i z o n t a l  
v ideo  l i n e  encounters  and l eaves  the edges of t h e  two p r o j e c t i o n s  of t h e  opaci-  
f i e d  l e f t  v e n t r i c l e .  The d i s t ances  (as h o r i z o n t a l  t r a v e r s a l  t imes of the  video 
beam) of t hese  edges from one another  and from t h e  l e f t  margins of t h e  two 
v i d e o  images w i l l  be measured and t h e s e  f o u r  va lues  fed i n t o  a d i g i t a l  computer. 
The computer w i l l  be programmed t o  c a l c u l a t e  from these  va lues  the  a rea  of 
t h e  c ros s - sec t ion  of t h e  l e f t  v e n t r i c l e  t r ave r sed  by each h o r i z o n t a l  l i n e  and 
t o  sum these  a r e a s  f o r  a l l  h o r i z o n t a l  l i n e s  c ross ing  the l e f t  v e n t r i c l e  dur ing  
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.I each video f i e l d ,  thus providing a value for l e f t  ventr icular  volume s i x t y  
times each second (the f i e l d  repe t i t ion  ra te  of the video system). 
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